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PREFACE 

78FM30 :VI11 

The Mathematical Physics Branch/Mission Planning and Analysis Division has the 
responsibility to provide the functional @round navigation software formulation 
requirements for the Mission Control Center (MCC) low-speed-processing phases 
during Operations Project Shuttle (OPS). 

The ground navigation software formulation requirements are logically organized 
into volumes. This organization is presented in the accompanying table. The ma- 
terial in each volume presents the level C formulation requirements of the 
processors and modules required to process low-speed-tracking data and perform 

scribes the formulation requirements of the identified processor or module 
specified in the OPS MCC Ground Navigation Program Level B Software document 
(ref. 1) .  The inputs and outputs required to accomplish the functions described 
are specified. Flow charts defining the sequence of mathematical operations and 
display and control processing required to satisfy the described functions are 
included in the document where appropriate. 

1 orbit determination and other related navigation computations. Each volume de- 

&. 
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1 .O CORRELATION TO LEVEL B 

This document p re sen t s  the l e v e l  C software requirements tha t  satisfy the auto-  
matic e d i t o r  po r t ion  of  the l e v e l  B software formulation requirements specified 
f o r  the data edi t ing processor i n  s e c t i o n s  5.11, 6.0 ( f ig .  6-10), 7.2.10, and 
8.3.10 o f  JSC i n t e r n a l  note 77-FM-57 (ref. 1). 

i 

'4 

I' 

These l e v e l  C software requirements a l s o  satisfy the l e v e l  B software d i sp lay  
and c o n t r o l  requirements specified f o r  data edi t ing i n  s e c t i o n s  6.4.9(c) and (d)  
o f  JSC i n t e r n a l  note 77-FM-56 (ref.  2). It should be noted tha t  the manual 
( N l N 2 )  e d i t  funct ion is now documented i n  the d i sp lay  processor document. 

2.0 GENERAL DESCRIPTION 

2.1 BASIC CAPABILITIES AND LIMITATIONS 

The automatic e d i t o r  described he re in  is designed t o  detect and e d i t  data p o i n t s  
whose r e s i d u a l s  l i e  outs ide the general  p a t t e r n  of  the data r e s i d u a l s  by a sig- 
n i f i c a n t  amount. 
t i o n  of  small groups of p o i n t s  with the  corresponding c o r r e l a t i o n  f o r  the resid- 
u a l  population as a whole. Because it employs small l o c a l  groups,  it can detect 
o u t l i e r s  t h a t  could be masked by the systematic s t r u c t u r e  of  the r e s i d u a l s  i f  an- 
o the r  type of e d i t o r  was used. 

This e d i t o r  has the c a p a b i l i t y  t o  d e t e c t  and e d i t  i s o l a t e d  or paired o u t l i e r s  
and t o  e d i t  t h e  c l e a r l y  inappropriate  members of noisy groups. It can a l s o  t o l -  
erate the wide range of r e s i d u a l  va lues ,  the data gaps ,  and the d i s c o n t i n u i t i e s  
t h a t  sometimes occur i n  t y p i c a l  residual populations without s i g n i f i c a n t  degrada- 
t i o n  of its e d i t i n g  performance. However, it does not attempt t o  automatical ly  
resolve a l l  poss ib l e  e d i t i n g  s i t u a t i o n s ,  because it is recognized tha t  there 
e x i s t  complex and s u b t l e  s i t u a t i o n s  where even the f u l l  capabilities of  an expe- 
rienced human operator  are heavi ly  taxed. Such s i t u a t i o n s  are considered the 
Proper province of the experienced and responsible  human ope ra to r ;  t h e r e f o r e ,  
the e d i t o r  has been designed t o  a le r t  the operator  i n  such cases. 

A number of user-defined v a r i a b l e s  e x i s t  by which the e d i t i n g  operat ion can be 
con t ro l l ed  and tuned. These include ( 1 )  an e d i t i n g  minimum f o r  each data type,  
below which e d i t i n g  w i l l  never occur; (2)  an e d i t i n g  maximum f o r  each data type 
t h a t  sets the l i m i t  f o r  an i n i t i a l  g ros s  e d i t  and thereby a l s o  provides a l i m i t  
by which t o  judge t h a t  the o v e r a l l  r e s i d u a l  population has become unacceptably 
large; and ( 3 )  c e r t a i n  o the r  va r i ab le s  t h a t  c o n t r o l  t h e  way i n  which the automat- 
i c a l l y  computed e d i t  c r i t e r i o n  is set  and when the operator  is t o  be alerted. 
These v a r i a b l e s  provide powerful u se r  c o n t r o l  over the basic aggressiveness  or 
conservatism of the automatic e d i t i n g ,  so tha t  it can be tuned t o  specific needs 
as they arise. 

Its operat ion is based on a comparison of  the l o c a l  c o r r e l a -  

1 
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2.2 OVERVIEW OF THE EDITOR CONCEPTS AND OPERATIONS 

The operat ion of  the p resen t  e d i t o r  is based on the use of divided first and sec- 
ond d i f f e rences  of  the r e s i d u a l  data. The c e n t r a l  idea, expressed i n  its 
simplest  form, is tha t  both the d e t e r m i n i s t i c  s t r u c t u r e  of  the data and the 
usua l  random measurement noise  w i l l  lead t o  a rather well-bounded range of 
values f o r  t he  divided d i f f e r e n c e s ,  whereas o u t l i e r s  w i l l  g ene ra l ly  cause values  
W e l l  ou t s ide  t ha t  range. That c h a r a c t e r i s t i c  of  divided d i f f e r e n c e s  makes them 
a p o t e n t i a l l y  powerful ed i t i ng  t o o l ,  but the p r a c t i c a l  r e a l i z a t i o n  of a n  e d i t i n g  
scheme based on that foundation r e q u i r e s  a number of  a d d i t i o n a l  concepts,  the 
ne t  sum of which l a r g e l y  dictates the s t r u c t u r e  of the e d i t o r .  

It is e s s e n t i a l  t o  recognize t h a t  the s i z e  of the bounded range of  d i f f e r e n c e  
values  due t o  d e t e r m i n i s t i c  s t r u c t u r e  and random no i se  is going t o  change dramat- 
i c a l l y  from one r e s i d u a l  population t o  another .  
deal ing w i t h  s eve ra l  d i f f e r e n t  data types ,  such as range, Doppler, and ang le s ,  
t h a t  have d i s t i n c t l y  d i f f e r e n t  t y p i c a l  magnitudes. 
t u r e  of  t h e  r e s i d u a l s  are a l s o  very s t rong ly  influenced by how accura t e  t h e  
s ta te  vector  used t o  generate  t h e  r e s i d u a l s  happens t o  be. The r e s u l t  of  t h i s  
is tha t  first and second d i f f e rence  e d i t i n g  bounds appropr i a t e  f o r  one problem 
can be w i l d l y  inappropr i a t e  f o r  another ;  and, t h e r e f o r e ,  these bounds have t o  be 
found f o r  each problem based on its p a r t i c u l a r  data. To achieve t h i s ,  the abso- 
l u t e  magnitudes of the d i f f e rences  are examined i n  order  t o  f i n d  the break t h a t  
w i l l  e x i s t  i f  o u t l i e r s  are present  i n  t h e  data. When such a break is detected, 
i t  provides a basis f o r  s e t t i n g  the e d i t  l e v e l  f o r  the data o f  t ha t  p a r t i c u l a r  
problem, because it provides a method f o r  f ind ing  a d i f f e r e n c e  value that  corre-  
sponds t o  the upper l i m i t  of the range r e s u l t i n g  from d e t e r m i n i s t i c  s t r u c t u r e  
and normal measurement noise .  

P a r t l y ,  t h i s  is a r e s u l t  of 

But the magnitude and s t r u c -  

The a c t u a l  e d i t  l e v e l  s e t t i n g  operat ion is not  best done on the simple first and 
second d i f f e r e n c e s ,  because an e r r a n t  po in t  w i l l  a l s o  co r rup t  t h e  d i f f e r e n c e  
values  f o r  its neighbors. In  add i t ion ,  d i s c o n t i n u i t i e s  and sharp changes i n  
s lope sometimes e x i s t  within the  data, and they w i l l  cause large values  f o r  
po in t s  that are p e r f e c t l y  v a l i d  members of  the string of  p o i n t s  t o  either s i d e  
of  the abrupt  change. Therefore, a concept called best d i f f e r e n c e  is i n t r o -  
duced, where each point  is allowed its best l e v e l  of  c o r r e l a t i o n  wi th  its 
neighbors; i . e . ,  its smallest d i f f e r e n c e s  i n  the abso lu te  value sense.  A 
r e s i d u a l  that "fits in"  wi th  its neighbors t o  one side or the o t h e r  is going 
t o  have a small best d i f f e r e n c e .  Only t r u e  o u t l i e r s ,  which do not  f i t  i n  
well with t h e i r  neighbors,  w i l l  have large best d i f f e r e n c e s .  Therefore,  
t he  e d i t i n g  ope ra t ions  are, i n  fact ,  performed using these bes t  d i f f e r e n c e  
values  

Another fact tha t  must be accounted for when using divided d i f f e r e n c e s  fo r  
edi t ing is tha t  i n  an area wi th  a high d e n s i t y  of  bad p o i n t s ,  i n t e r spe r sed  good 
po in t s  can possess  very large best d i f f e rence  values  purely because they are 
surrounded by e r r a n t  neighbors.  This makes them ind i s t ingu i shab le  from bad 
p o i n t s  on the first e d i t  pass.  Even if a po in t  has only one e r r a n t  neighbor,  
t ha t  w i l l  i nc rease  its statist ical  chance of  exceeding the e d i t  l i m i t ,  because 
it then has only one chance remaining t o  o b t a i n  acceptable  d i f f e r e n c e  va lues .  
minimize the loss of  good data due t o  these facts, the e d i t o r  design provides 
f o r  a check of any group of  consecut ively edited p o i n t s .  This check computes 

TO 
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new differences aga ins t  accepted po in t s ,  so that any p o i n t s  tha t  f i t  i n  with the 
accepted data  can be accepted, even though o r i g i n a l l y  corrupted by bad Po in t s .  

The above concepts and operat ions o u t l i n e  the basic e d i t o r  operat ion.  
detailed design a l s o  possesses t h e  tests tha t  provide the user-defined minimum 
and maximum edit l i m i t s  f o r  each data type and the var ious checks required t o  
alert  the use r  when s i t u a t i o n s  r equ i r ing  h i s  a t t e n t i o n  are encountered. 
d e t a i l e d  requirements for the e d i t o r  r e a l i z a t i o n  follow. 

The 

The 

3 .O EDITOR DETAILED FORMULATION REQUIREMENTS -.- 

3.1 GENERAL REQUIREMENTS 

3.1.1 Data Processing and Composition 

The e d i t o r  shall process one batch of data per call .  
t ha t  e x i s t  i n  the batch are t o  be treated s e q u e n t i a l l y ,  one d a t a  type a t  a time, 
u n t i l  a l l  have been considered, a t  which time the e d i t o r  s h a l l  r e t u r n  Control t o  
the c a l l i n g  program, 
v a l i d  observable,  with an a s soc ia t ed  time tag. It is assumed tha t  these data 
are provided i n  time sequence. 
Values shall be eliminated f o r  each data type before it is e d i t e d ,  so that  only 
r e s i d u a l s  and times based on a c t u a l  measured observables are used i n  the e d i t i n g  
process .  

The var ious data types 

Within a data type,  each data po in t  is the r e s i d u a l  of a 

Time tags corresponding t o  missing measurement 

3.1.2 

There are f i v e  major e d i t o r  funct ions tha t  s h a l l  be performed sequen t i a l ly  i n  
the following order :  
r e e d i t ,  and (5) edit state tests. 

Time Sequence of  Major Edi to r  Functions 

( 1 )  gross preedi t  ( 2 )  D1 e d i t ,  ( 3 )  D2 e d i t ,  ( 4 )  group 

3.1.3 Edi tor  Flags 

The e d i t o r  shall  possess flags fo r  the following ind ica t ions :  ( 1 )  u se r  review 
Of data r equ i r ed ,  and (2)  e d i t  state has been altered during cu r ren t  pass .  I n  
order  to s a t i s f y  i t e m  2 ,  and to monitor intermediate  states during e d i t i n g ,  
there must a l s o  be a set of working e d i t  flags, assigned one per data po in t  t h a t  
e x i s t  i n  add i t ion  t o  the r egu la r  e d i t  flags carried w i t h  t he  data. 
ze ro  f o r  a working e d i t  flag s h a l l  i n d i c a t e  t ha t  the  corresponding data po in t  
has not been ed i ted .  A value of one sha l l  i nd ica t e  t ha t  the data po in t  has been 
ed i ted .  A l l  working e d i t  flags s h a l l  be set t o  ze ro  before  the Gross P reed i t  
Logic ( S e C .  3.1.4) is performed. Note t ha t  i n  the following s e c t i o n s ,  unedited 
data po in t s  are defined t o  be those data p o i n t s  whose corresponding working e d i t  
flags are zero.  The requirements fo r  setting a l l  the above flags are set  f o r t h  
i n  the appropr i a t e  s e c t i o n s  of these requirements.  

A value of  

3 
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3.1.4 Gross P r e e d i t  

Before beginning the D l )  D2 e d i t  sequence, the r e s i d u a l s  of  the c u r r e n t  data 
type shall be compared a g a i n s t  the user-specif ied upper l i m i t  Rmax f o r  t h a t  
data type.  Residuals whose abso lu te  magnitude exceeds t h a t  l i m i t  shall .  have 
their  working e d i t  flags set t o  one and shall be deleted from the sequence 
of  r e s i d u a l s  passed on t o  D1 e d i t i n g .  
exceeds N.ELIM, where N fs the i n i t i a l .  number of  r e s i d u a l s  o f  t h a t  data type,  
the s top flag shall be set  t o  one, and the e d i t  terminat ion procedure of  
s e c t i o n  3.7 shall  be executed. 

If the number of  r e s i d u a l s  so e d i t e d  

3.2 D7 EDIT FUNCTION 

After completion of  preedi t  of sec t ion  3.1.4, t he re  sha l l  be a t  least  M I N I  
data p o i n t s  wi th  working e d i t  flags clear i n  order t o  perform the D1 e d i t ,  
where M I N I  is a s p e c i f i a b l e  in t ege r  constant .  If t h i s  condi t ion is no t  
met, the s top flag sha l l  be set t o  one, and the e d i t  terminat ion procedure 
of sec t ion  3.7 sha l l  be executed. 

The first ed i t ing  operat ion on the  data sha l l  be based on the  divided first d i f -  
ferences of  the r e s i d u a l  data. 

3.2.1 

The divided first d i f f e rence  s h a l l  be ca l cu la t ed  f o r  each i n t e r v a l  between 
neighboring v a l i d  unedited data p o i n t s  according t o  the equat ion 

Divided F i r s t  Difference Calculat ion ( D I )  - 

ya 

c 

where R ( i )  is the i t h  data r e s i d u a l  

ti is  the time tag of the i t h  data r e s i d u a l  

N is the number of  r e s i d u a l s  of the cu r ren t  data type remaining 
after completing the g ross  p r e e d i t  of  s e c t i o n  3.1.4. 

3.2.2 Best Divided F i r s t  Difference Calculat ion ( D l b )  - 
A b e s t  divided first d i f f e rence  s h a l l  be found f o r  each v a l i d  unedited data 
point  according t o  the following equations: 

4 
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Dlb(N) = IDl(N-1)1 

where min is the  minimum value selection func t ion  

The r e s u l t i n g  
they correspond. 

Dlb values s h a l l  be tagged t o  i n d i c a t e  the  r e s idua l  to which 

3.2.3 

The D1 e d i t  l i m i t ,  DqLIM,  s h a l l  be chosen from t h e  
following rules : 

- D1 E d i t  L i m i t  (DlLIM) 

D l b  values based on the  

i 

DlLIM = Max (Dlb) 

Unless for  Dlb(n) 2 Dlb( ref )  

e i t h e r  Dlb(g) > (I+DELTAI) Dlb(n) 

Or Dlb(g) > KI'Dlb(ref) 

chosen 
chosen 

then 

where 

i n  which case DlLIM = Dlb(n) where the  smallest value o f  Dlb(n) is t o  be 
i f  more than one s a t i s f y  the i n e q u a l i t i e s .  However, i f  the  D LIM so 
is less than the  user spec i f i ed  minimum divided by A t ;  i . e . ,  ii 

R M I N (  i 1 
DlLIM < - 

A t  

* M I N ( i )  
DiLIM = - 

A t  

Max ( ) is the  maximum value function 

Dlb ( re f )  is t h e  l a r g e s t  Dlb value t h a t  is not l a r g e r  than 
S1.N of the  Dlb values 

S I  is a user-defined l i m i t  0 5 S I  < 1.0 

DELTA1 is a user-defined l i m i t  0 < DELTA1 

K 1  is a user-defined l i m i t  1 < K1 

Dlb(g) is the  smallest Dlb value t h a t  is greater than Dlb(n) 

Dlb(n) is the  current choice of Dlb f o r  applying the  i n e q u a l i t i e s  
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R M I N ( i )  is a user-defined minimum f o r  each measurement type 

i is the measurement type of  the data c u r r e n t l y  being ed i ted  

A t  is the nominal time between successive data p o i n t s  and is 
computed as follows: 

3.2.3.1 Implementation of D1 E d i t  L i m i t  Determination Function 

The formulation of the  D1 e d i t  l i m i t  determination funct ion i n  s e c t i o n  3.2.3 
de f ines  an algori thm i n  which a D 1  ed i t  l i m i t  value is selected from a subse t  
o f  t h e  Dlb values  f o r  the data po in t s  i n  the batch. The subset  of  Dlb values  
from which the l i m i t  is selected is defined as those p o i n t s  whose Dlb is  
g r e a t e r  than D l b ( r e f ) .  
f a c i l i t a t e d  by first s o r t i n g  the Dlb i n  ascending order .  The subset  defined 
above w i l l  then be those Dlb values whose index is larger than the index 
of D lb ( re f ) .  The index f o r  D l b ( r e f )  is defined as the  i n t e g e r  part  of SI - N .  
Note t h a t  when the Dlb are s o r t e d ,  some mechanism must be devised through 
which the so r t ed  Dlb  may be related t o  t h e i r  r e spec t ive  time tags. 

Sort ing the Dlb  w i l l  a l s o  faci l i ta te  the evaluat ion of the D1 e d i t  l i m i t  
c r i t e r i o n  f o r  the p o i n t s  within the subse t .  The smallest po in t  within t h e  
s u b s e t ;  i . e .  re f+l ,  w i l l  be evaluated first. Thus Dlb(n) w i l l  i n i t i a l l y  
be Dlb ( re f+ l )  and Dlb(g)  w i l l  be Dlb( ref+2) .  
the next p o i n t ,  n+ l ,  w i l l  be evaluated. Each successive point  w i l l  be evaluated 
u n t i l  e i ther  one of t he  p o i n t s  passes t h e  c r i t e r i o n  o r  a l l  t he  p o i n t s  i n  
the subset  have been evaluated. 
be set  t o  the  Dlb f o r  t h a t  po in t .  
be set t o  Dlb(N).  

Determination of the po in t s  i n  t h i s  subset  may be 

If fai ls  t h e  c r i t e r i o n ,  

If a point  passes the c r i t e r i o n ,  D l L I M  w i l l  
If no p o i n t s  p a s s  t he  c r i t e r i o n ,  DlLIM w i l l  

3.2.4 D1 E d i t  

The D1 
po in t  with 

-- 
e d i t  s h a l l  be performed by setting the working e d i t  f lag f o r  each 

Dlb > D l L I M  t o  one. 

3.3 EDIT FUNCTION 

The second e d i t i n g  operat ion on the data s h a l l  be based on the divided second 
d i f f e r e n c e s  of the data. 

After completion of D1 ed i t  of s e c t i o n  3.2.4,  there s h a l l  be a t  least M I N 2  
data p o i n t s  wi th  working e d i t  flags clear i n  order t o  perform D2 e d i t ,  where 

R 

M I N 2  is a s p e c i f i a b l e  i n t e g e r  constant .  
s h a l l  be skipped and the REEDIT logic of s e c t i o n  3.4 sha l l  be performed. 

If t h i s  condi t ion is not met, D 2  e d i t  

6 
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3.3.1 

The divided second d i f f e rence  s h a l l  be ca l cu la t ed  f o r  each v a l i d  unedited 
data point  tha t  possesses a v a l i d  unedited neighbor ( n o t  necessa r i ly  ad jacen t )  
t o  both sides, according t o  the equation: 

Divided Second Difference Calculat ion ( D 7 1  

j = 2 , 3 ,  . . . , J-1 

where D l ( j )  is the j t h  first d i f f e r e n c e ,  as defined previously,  except  
t h a t  no ed i t ed  po in t s  are allowed i n  the  D 1 (  j )  c a l c u l a t i o n s ,  
and the new index j 
ed i ted  po in t s  were skipped i n  the numbering 

is used simply t o  c l a r i f y  t h a t  t h e  

t j  

J is the number of unedited p o i n t s  after D1 e d i t i n g .  

is the j t h  time tag 

3.3.2 

The best divided second d i f f e rence  s h a l l  be found f o r  each v a l i d  unedited 
data po in t  according t o  the equat ions 

Best Divided Second Difference Calculat ion (D7b) - 

where min is the  minimum value s e l e c t i o n  funct ion.  

The r e s u l t i n g  D2b values  s h a l l  be tagged t o  i n d i c a t e  the  r e s i d u a l  t o  which 
they correspond. 

3.3.3 5 E d i t  L i m i t  (D7LIM) 

The D 2  e d i t  l i m i t ,  DzLIM, s h a l l  be chosen from the  D2b values  based on t h e  
following r u l e s  : 

7 
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i n  which case D2LIM = Dzb(n) where the smallest value of D2b(n) is t o  be 
chosen if more than one s a t i s f y  the i n e q u a l i t i e s .  However, i f  the  D2LIM s o  
chosen is less than the user  spec i f i ed  minimum divided by A t 2 ;  i .e.,  if 

R M I N ( i )  

A t 2  
D2LIM < - 

then %IN( i) 
D2LIM = 

A t 2  

where max ( is t h e  maximum value func t ion  

Dzb(ref) is the l a r g e s t  D2b value that  is not l a r g e r  than 
S2 ' J  O f  the D2b Values 

S2 is a user-defined l i m i t  0 5 S2 < 1.0 
DELTA2 is a user-defined limit 0 c DELTA2 

K2 is a user-defined l i m i t  1 < K2 

Dzb(g) is the smallest value t h a t  is greater than D2b(n) 

Dzb(n) is the cur ren t  choice of  D2b for applying the i n e q u a l i t i e s  

RMIN(i)  is a user-defined minimum f o r  each measurement type.  

i is the measurement type of the data cu r ren t ly  being ed i ted  

A t  is as computed f o r  D1 e d i t  

3.3.3.1 

The algori thm f o r  determining the D2 e d i t  l i m i t  def ined i n  sec t ion  3.3.3 is the  
same as the algori thm f o r  determining the D1 e d i t  l i m i t  defined i n  sec t ion  
3.2.3; thus ,  what was presented i n  s e c t i o n  3.2.3.1 about implementation of the 
D1 e d i t  l i m i t  determinat ion func t ion  is appl icable  t o  the implementation of the 

Implementation of  D2 E d i t  L i m i t  Determination Function 

8 
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D2 e d i t  l i m i t  determination funct ion,  except any r e fe rence  made t o  D1 o r  D l b  
should be replaced wi th  D2 o r  D2b. 

I 

.. 

--. , 

3.3.4 D7 Edit 

The D2 
po in t  with 

e d i t  sha l l  be performed by setting the working e d i t  flag f o r  each 
@ b  > D2LIM t o  one. 

3.4 REEDIT FUNCTION 

Whenever a group of two o r  more consecutively edited p o i n t s  e x i s t  af ter  the 
D1, D2 e d i t  sequence, the reedit l o g i c  of s e c t i o n s  3.4.1 and 3.4.2 shall  
be executed. Note t h a t  po in t s  edited by preedi t  are not t o  be considered 
f o r  reediting. 

3.4.1 Recompute Dlb and D7b f o r  Edited Groups 

For the p o i n t s  of any group of two o r  more consecutively ed i t ed  p o i n t s ,  new 
values o f  Dlb and D2b are t o  be ca l cu la t ed ,  using the unedited p o i n t ( s )  
outs ide t h e  group i n  t h e  c a l c u l a t i o n ,  except t ha t  i f  t h e  D 2  e d i t  sequence 
is sk ipped ,  new q b  values  need not be ca l cu la t ed .  

The equat ions t o  be used f o r  Dlb recomputation are 

Rc - R e  

where 

.- 

= tQ - tc 

Rc is the r e s i d u a l  a t  t h  cu r ren t  recomput t i o n  po in t  

tc is the time tag a t  the cu r ren t  recomputation po in t  

Re is the r e s i d u a l  a t  the first unedited po in t  earlier than the 
ed i ted  group 

te  is the time tag of Re 

Dle is the divided first d i f f e rence  between t h e  cu r ren t  recomputation 
po in t  and the first unedited earlier p o i n t  

Rg is the r e s i d u a l  a t  the first unedited po in t  later than the e d i t e d  
group 

9 
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tg  

D1R 

is the time tag of  Re 

is the divided first d i f f e rence  between the c u r r e n t  recomputation 
po in t  and the first unedited later point  

D l b  is the recomputed D t b  value a t  the cu r ren t  po in t  

Note: 
batch, Dle(c) o r  D l R ( c ) ,  r e spec t ive ly ,  cannot be computed because the  
required earlier or  later unedited point  does not e x i s t .  
j u s t  t h e  abso lu te  value of the divided first d i f f e rence ,  which can be 
c a l c u l a t e d ,  using the a v a i l a b l e  unedited po in t .  

If the edited group occurs a t  either the beginning o r  end of  the data 

In  that  case, D l b  is 

The equations t o  be used f o r  Dzb  recomputation are 

where 

Dle - Dlee 
D2e = tc - tee 

D2 is a recomputed D2 value a t  the cu r ren t  po in t ,  using the 
nea res t  unedited point  t o  each side 

Dze is a recomputed D2 value f o r  the cu r ren t  po in t ,  using the  two 
nea res t  earlier unedited p o i n t s  

Dlee is the divided first d i f f e rence  between the two nea res t  
unedited earlier p o i n t s  

Re, is the r e s i d u a l  a t  the second nea res t  earl ier unedited po in t  

10 
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tee is the time tag a t  the  second n e a r e s t  earlier unedited po in t  

D2g is the recomputed D2 value f o r  t he  c u r r e n t  p o i n t ,  us ing the two 
n e a r e s t  unedited later po in t s  

Dlkg is the divided first d i f f e rence  between the two nea res t  unedited 
la ter  po in t s  

Rkg is the  r e s i d u a l  a t  the second nea res t  later unedited p o i n t  

tgg is the time tag a t  the second nea res t  la ter  unedited po in t  

D2b is now the recomputed D2b value a t  the  c u r r e n t  po in t  

Note: If the edited group occurs at either the beginning o r  end of  the data 
ba tch ,  D2 and e i the r  D2e o r  D2g, r e spec t ive ly ,  cannot be computed because the  
required earlier or  later unedited po in t s  do not e x i s t .  I n  t h a t  case, t h e  
endpoint 
using unedited p o i n t s ,  whi le  the q b  f o r  the point  one i n  from the  endpoint is 
the abso lu te  value of the  minimum of the two D2's which can be recomputed, u s ing  
unedited po in t s .  

D2b is j u s t  the abso lu te  value of the one D 2  which can be recomputed, 

3.4.2 Reedit  

A recomputed Dlb value must s a t i s f y  the i n e q u a l i t y  Dlb < DlLIM i n  order  f o r  a 
po in t  t o  have its as soc ia t ed  working e d i t  f lag reset t o  ze ro .  

If D2 e d i t  was executed, then a recomputed D2b value must s a t i s f y  the  i n e q u a l i t y  
D2b < D2LIM i n  order  f o r  a po in t  t o  have its as soc ia t ed  working e d i t  flag reset 
t o  the cleared state.  

I f  both D 1  and D2 e d i t  were performed, then both i n e q u a l i t i e s  must be sat isf ied 
i n  order f o r  a po in t  t o  have i ts  associated working e d i t  flag reset t o  the  
cleared state.  

3.5 EDIT STATE TESTS 

After completion of t h e  D l ,  D 2  e d i t  sequence, four  e d i t  s tate tests a r e  t o  be ap- 
p l i e d  t o  the cu r ren t  working e d i t  flags. 

3.5.1 Data Discont inui ty  Test 

A t e s t  shal l  be performed t o  determine whether 
p o i n t  of  t ha t  D1 computation i n t e r v a l  e d i t e d ,  where D is a constant  D > 1 .  

This test  is defined on the set  of a l l  i n t e r v a l s  between neighboring unedited 
po in t s .  When the test condi t ion is de tec t ed ,  the s t o p  flag s h a l l  be se t  t o  one. 

ID11 > D * D l L I M ,  w i th  n e i t h e r  end- 

11 



3.5.2 Total  E d i t  Percentage Test 

A test s h a l l  be performed to determine whether the t o t a l  number o f  p o i n t s  edi ted 
exceeds a given percentage of  the i n i t i a l  number of p o i n t s  (that percentage 
being set by the e d i t  l i m i t  parameter ELIM). 
s t o p  flag shall be set t o  one. 

When t h a t  l i m i t  is exceeded, the 

3.5.3 Large Edited Group Test 

A test shall be performed t o  determine whether a group o f  G or more consecutive 
edi ted p o i n t s  e x i s t s ,  where G is a cons t an t ,  G > 1 and G i n t e g e r .  If  it does, 
the the s t o p  flag shall be set t o  one. 

3.5.4 E d i t  Alter Test 

Set the e d i t  alter flag t o  one i f  the cu r ren t  pass through the DEP has caused a 
change i n  the batch e d i t  s t a t u s .  

3 . 6  REGULAR EDIT FLAG ALTERATION 

After a l l  data types f o r  the cu r ren t  batch have been processed, the last 
operat ion shall be t o  perform the e d i t  al ter tes t ,  and t o  set the r egu la r  
e d i t  flags equal  t o  the working e d i t  flags. This operat ion is not t o  be 
performed i f  the  tests on the  cu r ren t  batch have caused the s t o p  flag t o  be 
set t o  one. 

3.7 EDITING TERMINATION AND RETURN 

If a condi t ion is encountered that causes the s t o p  flag t o  be set ,  a l l  r e g u l a r  
e d i t  flags f o r  a l l  data types i n  the cu r ren t  batch shall  be unchanged from inpu t  
and e d i t i n g  sha l l  terminate  wi th  a s t o p  e r r o r  condi t ion r e t u r n .  

! When e d i t i n g  proceeds i n  a normal fashion and no s t o p  condi t ion is encountered,!  
! the e d i t o r  shall set the batch edited flag i n  the batch header record upon com-! 
I p l e t i o n  of  the las t  data type,  and then provide a normal r e t u r n .  ! 
--------------------___II_______________---------------------------------------- 

4.0 INPUTS 

See ODE t o  DEP i n t e r f a c e  table f o r  a desc r ip t ion  of i npu t s .  

5.0 OUTPUTS 

See DEP t o  ODE i n t e r f a c e  table f o r  a d e s c r i p t i o n  of  ou tpu t s .  

12 
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APPENDIX A 

FLOW CHART FOR THE DATA 
E D I T I N G  PROCESSOR 

A-I 





4 

INPUTS: ROB, DT, NF 

OUTPUTS: Ped, EDIT STOP FLAG, 

CLEAR EDIT 
ALTER FLAG 

CLEAR NORKING 

I SET I TO INDEX I 
MINl MINIMUM NUMBER 

OF POINTS FOR 
D1 EDIT 

VALID POINTS OF 
I S  MEASUREMEN 

Page  1 o f  9 

A - 3  



MINl POINTS OF 
THIS DATA TYPE WITH 

t At = NORMAL TIME BETWEEN POINTS r l  tL - tF tL = LAST TIPE 
DETERMINE At FROM DATA At 5: (no. frames - 1) tF = FIRST TIME 

t 
SORT Dlb IN 
ASCENDING ORDER 

N = NUMBER OF VALID 
UNEDITED POINTS 

EDIT LIMIT SEARCH 
no = STARTING POINT FOR 

INT = INTEGER VALUE FUNCTION 

c 

A-4 
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I I D,LIM = D,,,(n) 
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BEGIN MINP MINIMUM NUMBER 
OF POINTS FOR 
D2 EDIT 

GO TO 
RE-EDIT 

OF UNEDITED POINTS 

ANY POINT, j, WHICH IS UNEDITED AND 
WHOSE ADJAZENT POINT, j t 1, IS EDITED. 
THE FIRST UNEDITED POINT FOLLOWING 
POINT, j, IS USED IN RECOMPUTING D1 (j) 
FOR POINTS WHICH SATISFY ABOVE CRITERIA 

FOR r = 2 TO (n-1) lclHERE 
R DESIGEdATES THE UNEDITED 
POINT PRECEEDING r.  

r 1 

COMPUTE DPb FOR TIME POINTS 
FOR WHICH VALID UNEDITED 
DATA EXISTS 

Page 4 o f  9 
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L = NUMBER OF VALID 
UNEDITED POINTS 

Page 5 o f  9 
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SEE SECTION 3.4.1 
FOR FORMULATION 

RECOMPUTE Dlb FOR I EDITED POINT IN GROUP 

RECOMPUTE D2b FOR I EDITED POINT IN GROUP 

RESET WORKING EDIT 

SEE SECTION 3.4.1 
FOR FORMULATION 

NO 

Page 7 o f  9 
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THE SET OF D1 
CONSIDERED IS 
RESTRICTED TO 
THOSE D, WHOSE 
MOST RECENTLY 
COMPUTED D1 IS 
BASED ON TWO 
CURRENTLY 
UNEDITED POINTS 

FRACTION IS NUMBER OF 
EDITED POINTS DIVIDED 
BY NUMBER OF VALID DATA 
POINTS 

P 

Page 8 o f  9 

A-1 0 



P 

4 

EQUAL TO THE WORKING 
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! ! ! I 
! ODE W DEP ! INTERFACE TABLE 
! ! ! ! 

ODE DEP 
parameter parameter Unit Descr ipt ion 

D -- L i m i t  t h a t  sets the  s i z e  o f  the d i s -  
con t inu i ty  t h a t  can be accepted ( D > I ) .  

DELTA I -- User-definable constant  greater than 0 which 
sets t h e  smallest f r a c t i o n a l  increase  be- 
tween Dlb values  t ha t  w i l l  trigger the  au to-  
matic e d i t  l e v e l  s e t t i n g  log ic .  

DELTA2 -- User-definable constant  g r e a t e r  than 0 which 
sets the smallest f r a c t i o n a l  increase  be- 
tween Dzb  values  t h a t  w i l l  t r i g g e r  the auto-  
matic e d i t  level setting log ic .  

ELIM -- L i m i t  that sets the f r a c t i o n  of t h e  data t h a t  
that  can be edited before the  e d i t  s t o p  f l a g  
is set (O<ELIM<I)  . 

G -- In teger  l i m i t  t h a t  determines how many 
consecut ively ed i t ed  p o i n t s  can be accepted 
( G > 1 )  . 

DT -- Ind ica t e s  the measurement types contained 
wi th in  the cur ren t  batch. 

K1 -- User-definable constant  g r e a t e r  than 1 
which sets the  l a r g e s t  o v e r a l l  increase  i n  
Dlb va lues  r e l a t i v e  t o  their  re ference  t h a t  
w i l l  be accepted before the automatic l e v e l  
s e t t i n g  l o g i c  is t r igge red .  

K2 -- User-definable constant  greater than 1 
which sets the l a r g e s t  o v e r a l l  increase  
i n  D2b values  r e l a t i v e  t o  t h e i r  reference 
tha t  w i l l  be accepted before  the  automatic 
e d i t  l i m i t  s e t t i n g  l o g i c  is t r iggered .  

M I N I  -- User-definable in t ege r  constant  t ha t  sets 
the lower l i m i t  t o  the number of  po in ts  
f o r  which a D1 e d i t  w i l l  be performed 
( M I N I  >2 ) .  
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! ! ! ! 
! ODE L--d DEP ! INTERFACE TABLE 
! ! ! ! 

ODE DEP 
parameter parameter 

MIN2 

NF 

ROB * 

R M I N (  I) 

RMAX ( I) 

SI 

s 2  

T T r  

Unit 

-- 

-- 
I n  t e r n a  1 

I n t e r n a l  

I n t e r n a l  

-- 

-- 

Hours 

Description 

User-definable i n t e g e r  constant  t ha t  
sets the lower l i m i t  t o  the number of 
p o i n t s  f o r  which a D2 ed i t  w i l l  be performed 
(MIN2>3). 

Number of  frames i n  batch.  

Batch of observation r e s i d u a l s  

Se t  of user-definable cons t an t s ,  one f o r  
each measurement type,  t h a t  sets a lower 
bound below which e d i t i n g  w i l l  not occur.  

Set  o f  user-definable cons t an t s ,  one f o r  
each measurement type,  t h a t  sets an upper 
bound beyond which p reed i t ing  w i l l  always 
occur.  

User-definable l i m i t  between 0 and 1.0 
which sets the f r a c t i o n  Dlb values that  
w i l l  not be ed i t ed  by c o n t r o l l i n g  the reference 
of the automatic e d i t  l i m i t  s e t t i n g  l o g i c .  

User-definable l i m i t  between 0 and 1.0 
which sets the  f r a c t i o n  of D2b values tha t  
w i l l  not be ed i t ed  by c o n t r o l l i n g  the  reference 
of the automatic e d i t  l i m i t  l og ic .  

Time tags associated wi th  each r e s i d u a l  
i n  a batch. 

t 
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- 
1 ! !- ! 

! I !- ! 
! DEP l-----d ODE ! INTERFACE TABLE 

DEP parameter ODE parameter Unit Descr ipt ion 

E d i t  s top flag E d i t  s top  flag Flag I n d i c a t e s  t ha t  the e d i t o r  
has encountered a s i t u a t i o n  
c a l l i n g  f o r  user  examination. 

E d i t  a l te r  flag E d i t  a l t e r  flag F l a g  Ind ica t e s  t ha t  t he  c u r r e n t  
pass  through the editor has 
caused a change i n  the batch 
e d i t  s t a t u s .  

E d i t  flags ped Flags I n d i c a t e s  which p o i n t s  i n  
batch of observat ions were 
e d i t e d .  

Number of  
ed i t ed  p o i n t s  

Ind ica t e s  t he  number of  p o i n t s  
e d i t e d  f o r  each measurement 
type i n  t h e  batch.  
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